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Summary
A  Robertsonian translocation of submetacentric type was detected in a herd of 15 goats of the
Saanen breed, reared on a farm located in southern Italy. Four males out of 5, and 2 females out
of 10 were found to be carriers of the same translocation  in  the heterozygous state.  All carriers
were phenotypically normal.
The RBA  banding pattern demonstrated that the centric fusion took place between chromo-
somes 6 and 15  of the RBA-banded karyotype recently proposed as « standard »  for the species
Capra hircus L. The C-banding pattern showed the presence of 2 blocks of constitutive heterochro-
matin,  corresponding  to  the  centromeres  of  the  2  chromosomes involved  in  the  fusion.  Silver
staining  revealed  telomeric  nucleolus  organizer  regions  on  the  long  arm  of  the  two-armed
chromosome.
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Résumé
Etude cytogénétique d’une fusion centrique chez la  chèvre Saanen
Une  translocation  robertsonienne  submétacentrique  a  été  détectée  dans  un  troupeau  de
chèvres  (Capra hircus  L.)  de race  Saanen,  élevé  en Italie  méridionale.  Quatre mâles  sur  5  et
2 femelles sur  10 ont été  trouvés porteurs de la même anomalie à  l’état  hétérozygote.  Tous les
porteurs avaient un phénotype normal.
La technique des bandes RBA  a permis de montrer que les chromosomes impliqués dans la
translocation  sont  les  chromosomes n"  6 et  n"  15 du caryotype  à  bandes R récemment proposé
comme « standard  de la  chèvre.  La  technique  des  bandes  C a  permis  d’observer,  dans  le
chromosome fusionné,  la  présence des 2 blocs d’hétérochromatine constitutive correspondant aux
centromères des 2 chromosomes fusionnés.  La technique du nitrate d’argent a révélé  la présence
des organisateurs nucléolaires dans les télomères du bras long du chromosome fusionné, correspon-
dant au chromosome n"  6.
Mots clés :  Translocation robertsonienne,  chèvre,  chromosomes.
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The karyotype of the goat (Capra hircus L., 2n =  60),  described for the first time
by M AKINO   (1943 ;  1950)  and  subsequently  by G I nt ENEZ   &  L OPEZ   S AEZ   (1962)  and
B ASRUR   & C OUBROUGH   (1964),  consists  of 30 pairs  of chromosomes, of which 29 are
autosomes, all  acrocentrics. The X  chromosome is  considered to be one of the largest
in  size,  while  the Y chromosome  is  the  smallest,  metacentric,  and therefore,  easily
identifiable  in  conventionally stained cytological preparations.
Cytogenic analysis  of the  goat  has  so  far  been limited  by the  lack  of a reliable
« standard » banded karyotype. The Reading Conference (FORD et al.,  1980) provided a
« standard  » G-banded karyotype, but in  the Bovidae it  is  well known that the degree
of resolution  of  the  G-banding technique  is  not  at  all  satisfactory,  especially  for  the
smallest  autosomes.  For this  reason,  several  authors (P OPESCU ,  1972 ; G USTAVSSON   &
H AGELTORN ,  1976 ;  Di B ERA R DINO   & I ANNUZZI ,  1982,  1984 ;  Di B ERARDINO   et  al.,
1985 a) pointed out the usefulness of using a more reliable banding procedure, such as
the RBA  technique, for a definite  identification  of Bovidae chromosomes.
The RBA-banded karyotype of the goat has been recently proposed (Di B ERARDINO
et al.,  in  press) in order to provide a basis for the definition of the « standard  » RBA-
banded karyotype for this  species, which can be highly useful not only for the correct
identification  of the chromosomes involved  in  numerical and/or structural  aberrations,
but also for chromosome mapping and for studying cytotaxonomic relationships among
the members of the family Bovidae.
This paper presents  a Robertsonian translocation  in  Saanen goats,  cytogenetically
characterized by RBA-banding, C-banding and NOR-staining.
II.  Materials and methods
The  cytogenetic  investigation  was  carried  out  on  a  group  of  15  Saanen  goats
(5 males and 10 females), reared on a farm located in  southern  Italy.
Peripheral  blood was drawn from the  jugular vein and cultured according to  the
following schedule :
a)  Conventional cultures.  0.7 ml of whole blood was cultured  in  10 ml of RPMI
1640 medium (Gibco), enriched with 10 p.  100 fetal calf serum (FCS, Gibco), 0.1 ml of
L-glutamine and 0.1 ml of Pokeweed mitogen (Gibco), for 72 hours. Two hours before
harvesting, colcemid (Gibco, 0.1 ug/ml, final concentration) was added to stop mitosis.
b)  Thymidine synchronized cultures for RBA-banding. The cell  cultures,  prepared
as above, were synchronized 48 hours after the initiation by adding excess of thymidine
(Sigma, 0.3 mg/ml, final concentration). After 18 hours the S-phase block was released
by washing the  cells  twice with fresh RMPI medium ; the cells were again allowed to
grow  in  RPMI medium  as  in  the  starting  conditions,  with  the  addition  of 5’-BrdU
(Sigma,  10- I M,  final  concentration)  to  induce  RBA-banding.  In  order  to  reduce
chromosome contraction,  1  hour later the fluorochrome H33258 (Hoechst) was added at
a  final  concentration  of  10-’M.  The best  recovery time  was found  to  be around 5-6
hours.  One hour  before  harvesting,  the  cells  were  blocked  mostly  in  prometaphase
stage  by adding colcemid (0.05 ug/ml,  final  concentration).c)  Cytological preparations. After harvesting, the cells were treated with hypotonic
solution (KC1, 0.075 M) for 20 min at 37.5 °C and fixed 3 times with methanol-acetic
acid  solution  (3:1).  The fixed  cell  suspension was dropped onto clean  slides  and air
dried.
d) RBA-banding. It was performed according to Di B ERARDINO   &  InNNU ZZ i  (1982,
1984).
e)  C-banding.  It was carried out according to S UMNER   (1972).
f)  Nucleolus  Organizer  Regions  (Ag-NORs).  NOR visualization  was  performed
according to BLOOM  & G OODPASTURE   (1976).
III.  Results
Of  the 15 animals examined, 4 males out of 5 and 2 females out of 10 were found
to  be carriers  of the same Robertsonian translocation  of submetacentric type  in  the
heterozygous state.  All carriers were phenotypically normal.
Figure  1  shows a conventionally stained metaphase plate of a male Saanen carrier
of the translocation (2n 
=  59, XY ; T).
The chromosomes involved  in  the  Robertsonian  fusion  have  been  identified  by
RBA-banding as  n° 6 and n°  15 of the RBA-banded karyotype recently proposed as
« standard  » for the  goat  (Di B ERARDINO  et  al.,  in  press) ;  the 2 fused chromosomes
correspond  exactly  in  banding  pattern  to  the  autosomes  6  and  15  of  cattle  (Di
B ERARDINO   et al.,  1985 a).Figure 2 shows in A, B, C  and D  the RBA-banding pattern of the translocation 6/
15 in different stages of chromosome contraction. From  this figure it  is  also possible to
observe, in  the two-armed chromosome, the presence of 2 centromeres.
The dicentric  nature  of the  translocated  chromosome is  further  defined  by  figu-
re 3A which  shows  2  blocks  of  constitutive  heterochromatin,  corresponding  to  the
centromeres of the 2 chromosomes involved in the fusion. Figure 3B shows the negative
C-band staining of the X and Y  chromosomes.
In order to verify whether the centric fusion involved nucleolar chromosomes, the
cytological preparations were stained with silver nitrate.  Figure 4 shows the presence of
telomeric NORs  on the long arm of the two-armed chromosome (A), corresponding to
chromosome 6,  and a  nucleolar  association  between the  telomeres of chromosome 6
and a small acrocentric,  not yet identified (B).  This finding indicates that in the goat,
as well as in cattle (Di B ERARDINO   et al.,  1985 b), chromosome 6 is one of the nucleolus
organizer chromosomes.
The definitive  identification  of  the  nucleolus  organizer  chromosomes  in  goat  is
underway and will  be reported elsewhere.
IV.  Discussion and conclusion
Previous cytogenic studies reported in  the Saanen goat, the recurrent presence of a
Robertsonian translocation of submetacentric type (P ADEH   et  al.,  1965 ; S OLLER   et  al.,
1966 ; H ULOT ,  1969 ; P ADEH  et  al.,  1971 ; Po p E scu,  1972 ; S OHRAB   et  al.,  1973) ;  in
none of these papers, however, was it  possible to identify the chromosomes involved in
the fusion or to visualize  C-banding or Ag-NORs.
Recently, E LMIGER   & S TRA N Z INGER  (1982) and Do L F  &  HE D IGER  (1984) reported in
Saanen  goats  a  Robertsonian  translocation  of  submetacentric  type,  similar  to  that
reported  by P ADEH  et  al.,  (1965,  1971)  and by other  authors  (SoLLER et  al.,  1966 ;
H ULOT ,  1969 ; P OPESCU ,  1972 ; SoHR AB  et  al.,  1973) ; the chromosomes involved in the
fusion were identified as no 6 and no 17 by using G-banding (E LMIGER   & S TRANZINGER ,
1982)  and  RBA-banding (DoLF  & H EDIGER ,  1984).  By comparing the  RBA-banding
pattern  of the  6/17 translocation  with  that  of the 6/15  translocation  reported  in  the
present paper,  it  is  quite  evident we are  dealing with  the same fusion.  The inconsis-
tency in numbering the short arm of the translocated chromosome is  mainly due to the
lack of a « standard » RBA-banded karyotype but also to the fact the previous authors
utilized  fairly  contracted chromosomes for  their  G-banding and RBA-banding.  In  the
present paper we used prometaphase chromosomes which are known to  be  far  more
informative than the metaphase ones.
The fact that 6 of the 15 animals examined were carriers of the same translocation
may be accounted for by the high level of inbreeding associated with the small size of
the herd.
It  would  have  been  of  interest  to  examine  the  productive  and  reproductive
performances  of  the  translocation  carriers  but,  unfortunately,  at  the  time  of  this
investigation the animals had just started reproduction. Specific matings, however, have
been planned among the carriers of translocation 6/15 in order to attempt fixation ofthe translocation in the homozygous state and to study the segregational patterns of the
two-armed chromosome in the progeny.
The dicentric nature of the translocation 6/15 suggests that the fusion event took
place quite  recently  and, therefore, may be considered unstable from an evolutionary
point  of view.  According to N IEBHUR   (1972),  in  fact,  dicentric  chromosomes which
originated 
« via  » centric fusion may, sooner or later, dissociate again, unless one of the
2 centromeres is  eliminated or functionally inactivated.
If the translocation reported in the present paper is  the same as that described by
P ADEH   et  al.  (1965)  and subsequently,  by other authors,  then the  translocation  6/15
could be,  in  the Saanen goat,  of practical and biological significance ;  this hypothesis,
however, remains to be demonstrated. By examining the morphology of the two-armed
chromosome under  conventional  staining  it  is  likely  we are  dealing  with  the  same
translocation ;  after  all, P OPESCU   (1972)  already has suggested  the  possibility  that  the
centric fusion reported in  his  paper might be identical with the fusions reported since
1965.
The large  amount of cytogenetic information  achieved in  the Saanen breed con-
trasts with the lack of cytogenetic investigations concerning other breeds of goat. Only
recently, D OLF   & H EDIGER   (1984) reported in a male goat of the Toggenburg breed a
Robertsonian translocation also of submetacentric type, which involved two autosomes
not  identified  by  the  authors ;  these  chromosomes,  according  to  the  RBA-banded
karyotype  recently proposed (Di BE!.aRDINO  et  aL,  in  press)  are  n° 3 and n°  7.  No
other cases,  as far as we know, have been reported in the literature.
The increasing diffusion of the Saanen goat in the world and the lack of cytogene-
tic  screening of the imported-exported animals may account for the large incidence of
Robertsonian translocations in  this  breed, but many other questions arise,  concerning
the  origin  and  the  biological  meaning  of  the  centric  fusions,  which  remain  to  be
answered.
All this  suggests the need to extend the cytogenetic investigations to  all  the goat
populations reared in  Italy  as well as in other countries, in order to evaluate the real
incidence  of  the  Robertsonian  translocations,  in  general,  and  that  of  the  T6/15  in
particular. 
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